Study Objectives: To investigate birth cohort differences in the prevalence of insomnia from ages 70 to 79.
Introduction
Insomnia is common in late-life, and the dramatic increase in life expectancy worldwide makes insomnia an escalating public health concern. Among older adults, self-reported insomnia is related to falls [1] , decreased quality of life [2] , and impaired cognition [3] . Self-reported sleep duration is related to mortality [4] , and objective measures of sleep are related to poor physical function [5] . In addition, several recent studies have suggested that poor sleep, both measured objectively and self-reported, may be related to early Alzheimer's pathology [6] [7] [8] [9] [10] . As there nowadays are effective cognitive behavioral treatments for insomnia, sleep may be one emerging candidate for Alzheimer's prevention [11, 12] .
Most studies suggest that the ability to sleep decreases with age, but according to a large meta-analysis [13] , most changes in sleep structure occur in midlife, and only sleep efficiency (i.e. the ratio of time spent asleep compared with the amount of time spent in bed) continues to decrease after age 60. Although most studies show higher prevalence of insomnia in older ages, it has been suggested that self-reported sleep problems are associated with other age-related conditions, rather than with the aging process itself [14] . It has also recently been discussed whether older adults need less sleep or are not able to generate the sleep they need [15] .
During the 20th century, large improvements have occurred in technology, infrastructure, welfare, health care, education, and living conditions [16] . These changes are likely to have influenced sleep, but it is still unclear to what degree time trends have influenced the prevalence of insomnia among older adults. Previous findings from the Gothenburg H70 Birth Cohort Studies suggest that later-born birth cohorts have better health [17] , are less dependent in activities of daily living (ADL) [18] , are more engaged in leisure activities [18] , have better cognitive functioning [19] [20] [21] , are more sexually active [22] , and have lower prevalence of cardiovascular disorders [23] and dementia [24] . However, improved health has also led to higher survival rates for people with diseases and disabilities [25] , conditions that are associated with increased risk of insomnia. A systematic review of time trends of sleep duration in all age groups revealed a mixed pattern, with both increases and decreases in sleep duration [26] . The few studies on time trends of insomnia were all conducted in middle-aged populations, showing increased prevalence of insomnia (defined according to four different criteria, using Clinical Interview Schedule) [27] , sleep complaints [28] , and sleeping problems [29] in later-born birth cohorts. To the best of our knowledge, there are no population-based birth cohort comparisons focusing on insomnia in large samples of older adults.
In this study, our aims were two-folded. First, to investigate if there are birth cohort differences in the prevalence of insomnia in older adults. Second, to investigate if there are birth cohort differences in the rate of change in the prevalence of insomnia in older adults. Data were drawn from two population-based birth cohorts born up to three decades apart and followed longitudinally from age 70 to 79 years.
Methods

Samples
The Gothenburg H70 Birth Cohort Studies were initiated in 1971 to study health and health-related factors in older populations from Gothenburg, Sweden. Samples were drawn systematically, based on birth dates, from the Swedish Population Register, which contains names and addresses of all people living in Sweden. Samples were representative of 70 years old in Gothenburg and included both those living at home and in institutions.
The early-born birth cohort
In 1976-1977, samples of 70 and 75 years old born in 1906-1907 or 1901-1902 from July 1 to June 30 on dates ending with 2, 5, or 8 were examined. Participants were numbered consecutively from one to five. Those with numbers one and two were selected to take part in a psychiatric examination (n = 901). Among those, 724 were examined at baseline (response rate 80.4%). These comprised 421 70 years old (241 women and 180 men) and 303 75 years old (117 men and 186 women). Individuals with dementia (n = 8 at age 70 and 15 at age 75) or with missing data on sleep variables (n = 22 at age 70 and 5 at age 75) were excluded, leaving 391 70 years old (217 women and 174 men) and 283 75 years old (175 women and 108 men). The 70 and 75 years old were re-examined at age 79 (n = 421, 267 women and 154 men). Individuals with dementia (n = 21) or missing data on sleep variables (n = 11) at follow-up were excluded, leaving 389 individuals (148 women and 141 men). The birth cohorts have been described previously [22, 30, 31] .
The later-born birth cohort
In 2000-2001, a sample of 70 years old born 1930 on days 3, 6, 12, 18, 21, 24, or 30 of each month were invited (n = 896). Five persons were excluded as they could not be traced, 12 could not speak Swedish, 14 had emigrated from Sweden, and 13 died before participating, leaving an effective sample of 852 individuals. Among those, 604 individuals (361 women and 243 men) agreed to participate in the study (response rate 71.1%). Individuals with dementia at age 70 (n = 14) or with missing data on sleep variables (n = 44) were excluded, leaving 546 individuals (325 women and 221 men). At follow-up at age 75, this birth cohort was further extended to also include individuals born on days 2, 5, 11, 16, 20, and 27 (n = 1250). Among those, 851 individuals (528 women and 323 men) agreed to participate in the study (response rate 68%). Individuals with dementia at age 75 (n = 50) or with missing values on sleep variables (n = 95) were excluded, leaving 706 individuals (354 women and 271 men). This birth cohort was also examined at age 79 (n = 662, 404 women and 258 men). Individuals with dementia (n = 40) or missing data on sleep variables (n = 19) were excluded, leaving 603 individuals (363 women and 240 men). Further information about this birth cohort has been reported previously [21, 22, 32] .
Ethical considerations
Informed consent was obtained from all study participants. The study was approved by the Regional Ethical Review Board in Gothenburg.
Examinations and interviews
The psychiatric examinations included assessments of psychiatric signs and symptoms rated according to the Comprehensive Psychopathological Rating Scale (CPRS) [33] , which assesses severity of 65 reported and observed psychiatric symptoms, such as psychosis, mood disorders, and anxiety disorders. Individual items are rated from 0 (no symptoms) to 6 (severe symptoms). It has good reliability among older persons [34] . The MontgomeryÅsberg Depression Rating Scale (MADRS) [35] is a subscale of the CPRS and includes 10 items representing depressive symptoms. MADRS has also been validated among older populations [36] . The psychiatric examination was performed by psychiatrists at the examinations in the 1970s, and by experienced psychiatric nurses at the examinations in the 2000s. Questions were identical at each examination. One of the authors of the paper, I.S. was trained by the psychiatrists who performed the examinations in the 1970s. He trained the psychiatric research nurses for the examinations in 2000. 
Measures of insomnia, dementia, and depression
Insomnia
Definition of insomnia
Our criteria for insomnia were based on the essential features of insomnia disorder described in the Diagnostic and Statistical Manual of Mental Disorder 5th edition (DSM-5), i.e. dissatisfaction with sleep quantity or quality accompanied with complaints of difficulty initiating or maintaining sleep [37] . We had neither measures of clinically significant distress nor impairment in important areas of functioning. Our diagnosis of insomnia required that the individual met the criteria for both sleep dissatisfaction and insomnia symptoms.
Other sleep variables
Sleep duration was addressed with a question on average hours of sleep per night.
Sleep medication was addressed with the question ("Do you use sleep medication?"). Responses included "no, less than once a week, 1-2 times a week, 3-5 times a week, and almost every night or every night." This question was dichotomized into no sleep medication (no medication, less than once a week) and sleep medication (once a week or more).
Dementia
Dementia was diagnosed according to Roth criteria [38] , which were commonly used in the 1970s. Dementia was defined as "impairment of short-term or long-term memory or impaired orientation, when no clouding of consciousness can be observed" and has been described elsewhere [39] . In 2000, it was possible to compare old Roth criteria with dementia diagnoses based on the Diagnostic and Statistical Manual of Mental Disorder 3rd Edition Revised (DSM-III-R) [40] . The κ-value for the agreement between Roth and DSM criteria was K = 0.81.
Depression
Major depression was diagnosed according to the DSM-5 [37] based on past-month symptoms, as described previously [41] .
Education
Level of education was dichotomized as compulsory (6 years if born 1901-1907, and 7 years if born in 1930) vs more than compulsory education.
Years to death
Dates of death were obtained from the Swedish Population Register, a national register comprising all Swedish citizens. This register is complete regarding mortality data. Years to death was defined as the number of years between examination and death. To allow comparison between the cohorts, the maximum years for subsequent death were set to 5 years.
Health indicators
This variable included 13 health indicators that were rated at each examination: self-rated health, physical inactivity during the last year, current angina pectoris, bronchitis, smoking, intermittent claudication, history of myocardial infarction, stroke, asthma, cancer, diabetes mellitus, osteoarthritis, and high systolic blood pressure (defined here as ≥ 160). All items were summed and then divided by the number of items with complete answers. It was necessary to have complete answers in at least 7 out of 13 items to be included.
Statistical methods
For the following analyses, comparisons were made between the early-born birth cohort (1901) (1902) (1903) (1904) (1905) (1906) (1907) and the later-born birth cohort (1930). We used two-tailed t-tests to test differences in mean values and χ 2 tests for differences in proportions between the birth cohorts stratified by sex [42] . Logistic growth curve models were fitted to the data to evaluate the relationship between insomnia and explanatory variables. Growth curve models are basically multilevel models [43] that allow analyses of multiple assessments on the same individuals at level 1 as well as between-person heterogeneity at level 2 [44] . All explanatory variables were modeled as fixed effects and all models included a random intercept. Age (approximately the same as time-instudy as these are age homogenous cohorts) was specified as chronical age (years) and was centered at the baseline age of 70. The early-born birth cohort (1901) (1902) (1903) (1904) (1905) (1906) (1907) and male sex were coded as reference categories in all models. The first model had insomnia (yes/no) as outcome variable, and sex, age, and birth cohort as predictors. We tested interactions between age and sex, age and birth cohort, birth cohort and sex, and the three-way interaction between age, birth cohort, and sex. Nonsignificant interactions were then removed until parsimonious models were reached. To test if other variables related to insomnia would affect the results from the first model, we added education and major depression as predictors in the second model while the final model added years to death and health indicators as predictors. Major depression, years to death, and health indicators were modeled as time-varying covariates. R version 3.4.1 [45] was used for all analyses, and R-package ggplot2 [46] was used for figures, and lme4 [47] for the logistic growth curve models.
Results Table 1 shows the prevalence of insomnia, the prevalence of having insomnia or being satisfied with sleep but taking sleep medications, and the proportion of individuals taking sleep medications in the two birth cohorts at ages 70, 75, and 79 stratified by sex. A graphic illustration of the prevalence of insomnia at ages 70, 75, and 79, by birth cohort is shown in Figure 1 , and this illustration is stratified by sex in Figure 2 . The prevalence of insomnia was lower in the later-born cohort compared with the early-born cohort at age 70 (Table 1 ). These differences were observed both among women and men, and when those who were satisfied with their sleep but taking sleep medications were included among those with insomnia. There were no significant differences between the cohorts in insomnia prevalence at age 75 or 79. However, women born in the early-born cohort had higher prevalence of insomnia at age 75 when those satisfied with their sleep but taking sleep medications were included among those with insomnia. Use of sleep medication was similar in the two birth cohorts at ages 70, 75, and 79. Table 2 shows mean values of sleep duration at ages 70, 75, and 79. The later-born cohort slept on average longer at ages 70 and 79 compared with the early-born cohort. Sex stratification revealed longer sleep duration among women in the later-born cohort at ages 70, 75, and 79. In men, this was the case at age 70 only. Table 3 shows odds ratios from the logistic growth curve models. The first model showed that the later-born cohort had lower odds for insomnia at age 70 (OR = 0.52, 95% CI: 0.32; 0.87). Age was not related to insomnia as main effect but we found an interaction between age and birth cohort (OR = 1.14, 95% CI: 1.08; 1.21) and increased with age in the later but not in the earlyborn birth cohort as seen in Figure 1 . Women had higher odds for insomnia compared with men (OR = 3.10, 95% CI: 2.02; 4.74), and there was an interaction between sex and cohort (OR = 0.51, 95% CI: 0.30; 0.88), implying a larger cohort difference among women than men and that although there were sex differences in both cohorts, these differences were less pronounced in the laterborn birth cohort as seen in Figure 2 . Although major depression was strongly related to insomnia in the second model (OR = 6.30, 95% CI: 3.69; 10.75), education was not, and adding these variables did not largely affect any of the findings from the previous model. In the third model, health indicators but not years to death were related to insomnia (OR = 1.01, 95% CI: 1.00; 1.03). As in model 2, adding these variables did not largely affect any of the results from model 1. The results of the models did not change when those who were satisfied with their sleep but taking sleep medications were included among those with insomnia (data not shown).
Discussion
This study followed two large, representative, population-based birth cohorts, born up to three decades apart, from age 70 to 79 regarding the prevalence of insomnia. The prevalence of insomnia was considerably lower (16.1% vs. 31.7%) and sleep duration longer among 70 years old in the 2000s compared with the 1970s. However, the prevalence of insomnia increased with age in the later-born cohort. Insomnia was more common in women, but the sex difference was less pronounced in the later-born birth cohort.
Our findings are in contrast to studies of time trends in younger populations, where the prevalence of insomnia (defined according to four different criteria, using Clinical Interview Schedule) [27] , sleep complaints [28] , and sleeping problems [29] is higher and sleep duration shorter [48] in later compared with earlier born cohorts. Although we should be careful in drawing conclusion in findings from other populations due to sample differences, possible explanations could be that birth cohortrelated environmental factors influence the prevalence of insomnia differently in younger compared with older ages. For example, work-related stress may be more likely to contribute to insomnia in younger ages, whereas various health problems associated with insomnia are more prevalent in older ages.
The lower prevalence of insomnia in the later-born birth cohort at age 70 and longer sleep duration at ages 70 and 79 may reflect better health [17] , better cognitive function [19] [20] [21] , better functional ability, and higher activity level [18] . Thus, one Difference in proportions using chi-square tests.
***p < 0.001; *p < 0.05.
could assume that a better overall health and functioning could decrease the prevalence of insomnia. However, it is likely that birth cohort as a predictor consists of many more factors, but it is challenging to account for all causes in an epidemiological study. For example, the estimates from model 1 were largely unaffected even after including several important factors such as education, depression, years to death, and a sum of health indicators to the model. We also found that the effect of time trends at age 70 had disappeared by the age of 79. This may indicate that environmental factors affect sleep to a higher extent in younger old compared with older old-age groups. This parallels our previous findings on cognition, where later-born cohorts performed better at age 70 but had a greater cognitive decline with age [19, 21] .
Most studies show that the incidence of insomnia increases with age [49] , mostly due to various age-related conditions (e.g. somatic and psychiatric illness and medication) rather than the aging process itself [14] . It has been suggested that the onset of age-related disabilities is postponed to higher ages in later-born birth cohorts [25] . Thus, if the incidence of age-related disorders is postponed, the age-related increase of insomnia may also be postponed.
Although this age-related increase in prevalence of insomnia may be due to age-related factors rather than the aging process itself, age-related physiological changes in sleep structure may well increase vulnerability for insomnia. Furthermore, it is well known that the aging process is associated with many factors affecting sleep, such as neurodegeneration or severe somatic disorders [50] . These biological factors may play a more important role than environmental factors in older ages. Another possible explanation may be a survivor bias (i.e. higher survival rates for people with disabilities and diseases in the 2000s compared with the 1970s). The average life expectancy for 70 years old increased in Sweden during the study period from 11 to 13 years in men and from 13 to 16 years in women [51] . Thus, it can be assumed that more people with disorders related to insomnia survived to older ages in the later-born cohort. Interestingly, we did not find that years to death was a significant determinant of insomnia prevalence in our analyses.
Our finding that insomnia was more common in women than men was expected and in line with other studies [52, 53] . This may be partly explained by a greater tendency to report sleep problems in women than men [54] . By adding objective sleep measures to the next wave of our study, we will be able to see if these sex differences still stand.
We also found that the sex difference was less pronounced in the later-born cohort. This parallels previous findings from the Gothenburg H70 Birth Cohort Studies, where men and women tend to be more similar regarding a number of disparate factors, including blood pressure [55] , cardiovascular disorders [23] , personality [56] , and risky alcohol consumption [57] . A feasible explanation is the increased gender equality in Sweden during the last century.
Strengths and limitations
Major strengths of this study are the population-based sample, the identical measures of insomnia over three decades, the longitudinal design, and that the interviews were part of a comprehensive investigation of aging, carried out by experienced physicians and nurses. Furthermore, although the early-born birth cohorts were examined nearly half a decade ago, we were able to construct a diagnosis similar to insomnia disorder according to DSM-5. Also, the age homogenous selection makes this study unique for cohort comparison.
Despite the many strengths, possible limitations need to be mentioned.
First, although our criteria for insomnia includes the essential features of the DSM-5 criteria for insomnia disorder (e.g. sleep satisfaction, difficulty initiating or maintaining sleep, and lighter or disturbed sleep without external influence), certain important symptoms such as clinical significant distress and impairment in important areas of functioning are missing. However, impairment may be questioned as a valid measure of insomnia in older populations, where most people are retired, and typically no longer engaged in demanding occupational, educational, or academic activities. For example, a study reported that only one third of older individuals with insomnia had daytime consequences of their sleep problems compared with over one half in younger populations [58] . Furthermore, this limitation concerns both cohorts and it is not likely that this influenced the main findings of the study. Second, although the response rate was rather satisfactory, it declined from 80% in the cohort born 1906-1907 to 70% in the cohort born 1930. It is possible that nonresponders had more insomnia than responders, but the differences between the cohorts at baseline were so pronounced that it could not fully be explained by declining response rates. Third, since we only examined individuals reaching ages 70-79, there may be a survival bias, and this bias may differ between cohorts. According to Statistics Sweden, the proportion of the population who survived to age 70 increased from 60% of men and 80% of women in the 1901-1902 cohort to 78% of men to 86% of women in 2000 [51] . It is possible that those who lived until age 70 in the early-born cohort were a more selected group of survivors, but that would rather lead to an underestimation of the cohort differences at age 70. It could, however, be that this age group had a more robust longitudinal change between ages 70 and 79.
Conclusions
This study suggests that later-born birth cohorts of 70 years old report better sleep in comparison to earlier born cohorts but the cohort differences seem to diminish with age. Even though women report higher prevalence of insomnia than men do, the sex differences are less pronounced in later-born birth cohorts. 
